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(54) Directional induction logging 

(57) Electrical conductivity of a formation around a 
borehole is logged using a tool having at least one 
transmitting coil 1 and at least one receiving coil 2 which 
have faces inclined to each other. The coil assembly is 
rotated about the borehole axis by motor 14 and the tool 
may also be moved along the borehole during a survey. 
The apparatus permits measurement of the electric 
conductivity distribution of a formation in the 
circumferential direction in range of several meters around 
the borehole and also imaging reflecting the electric 
conductivity. 
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METHOD OF AND APPARATUS FOR DIRECTIONAL 
INDUCTION LOGGING 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

This invention relates to a method of and an 
apparatus for directional induction logging for 
obtaining information of formation by measuring electric 
characteristics of formations by making use of a 
borehole. The invention is applicable to very extensive 
fields of utility. Among the fields of utility, 
to which the invention is applicable, 

are as follows. 

( 1 ) Survey and exploring of petroleum and geothermal 
reservoirs : 

The invention permits imaging of the 
circumferential distribution of the electric 
conductivity at depths of boreholes, and is thus 
effective for the survey and exploring fracture 
reservoirs and like anisotropic reservoirs. 

(2) Measurement sensors in the MWD (Measurement While 
Drilling) techniques for making measurements during 
drilling a borehole: 

When carried out as a resistivity sensor in the 
MWD, the invention permits monitoring of upper and lower 
formations during horizontal drilling or the like. 



It is thus possible to drill a borehole without 
departing from a desired formation. 

(3) Survey of foundations for the civil and 
construction purposes: 

The invention permits imaging of the 
circumferential distribution of the electric 
conductivity at depths of boreholes and is thus 
effective for the survey of anisotropic foundations. 

Description of the Prior Art: 

Fig. 25 basically shows an induction logging 
apparatus in the prior art, which is composed of 
transmitting and receiving coils 31 and 32 disposed 
coaxially in a borehole 7. The principles underlying 
the induction logging apparatus are as follows. 

A. A magnetic field is generated by supplying an 
alternating current to the transmitting coil 31. 

B. The generated magnetic field generates an eddy 
current in a formation 8 around the tool such that the 
current is substantially proportional to the electric 
conductivity of the formation 8. 

C. The eddy current thus generated generates a 
secondary magnetic field. This secondary magnetic 
field induces a voltage across the receiving coil 32 
within the tool. 

D. The induced voltage is proportional to the 
magnitude of the eddy current, i.e., the electric 
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conductivity of the formation 8 surrounding the coils. 
Thus, it is possible to measure the electric 
conductivity of the formation 8 by measuring the voltage 
across the receiving coil 32. 

E. Across the receiving coil 32, a voltage is also 
induced by mutual induction with the transmitting coil 
31. This signal, however, is 90 degrees out of phase 
with respect to the voltage induced in the receiving 
coil 32 by the eddy current in the formation 8. Thus, 
this signal and the induced voltage can be separed from 
each other by use of a phase sensitive detector. 

Referring to Fig. 25, designated at a reference 
numeral 6 is a cable, at a reference numeral 20 a power 
source, at a reference numeral 23 a recorder, at 
reference numeral 33 a transmitting/receiving electronic 
circuit, at reference numeral 34 a winch, and a 
reference numeral 35 a pulley. 

An induction logging apparatus which is actually 
used at present, has pluralities of coaxially arranged 
transmitting and receiving coils. However, the basic 
principles are the same. 

Such induction logging apparatus with coaxially 
arranged transmitting and receiving coils are disclosed 
in United States patent specifications 1,819,923. 
1.913,293. 2.220.070, 2.220,788. 2,582.314. 3.067,383, 
3,166.709. 3,226,633, 4,481.472 and 4.513.376 or the 
like. 
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In the induction logging apparatus described 
above, the sensitivity is fixed in the circumferential 
direction with respect to the hole axis. Therefore, the 
apparatus does not have any directivity in the 
circumferential direction. This means that with the 
Prior art induction logging apparatus, no information 
could be obtained about the distribution of the electric 
conductivity in the circumferential direction of the 
borehole. 

Meanwhile, there have been proposed various 
induction logging apparatus for specific purpose, for 
instance, those disposed in United States patent 
specifications 3,014,177, 3,187,252, 3,510,757, 
3,561,007 and 3,808,520. 

In any of such special purpose induction logging 
apparatus, however, an orthogonal coil arrangement is 
used, and the magnetic field is rotated electrically or 
mechanically for measuring anisotropic extensions and 
inclinations of inclined and horizontal formations. 
Therefore, unlike the present invention, it is 
impossible to obtain the circumferential electric 
conductivity distribution around a borehole and obtain 
imaging of the distribution. 

As a substitute for prior art electrodes mounted 
on dip meter pads, an induction type logging apparatus 
having asymmetric sensitivity is known, as disclosed in 
United States patent specification 3,539,911. In this 



apparatus, at least two electrically serially connected 
transmitting coils are disposed in an inclined fashion 
in a pad, and a receiving coil shaft is disposed between 
the adjacent transmitting coils such that the shaft is 
parallel to the hole axis. This apparatus, therefore, 
is irrelevant in the technical concept to the present 
invention. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to 
provide an arrangement comprising at least one 
transmitting coil 1 and at least one receiving coil 2. 
which are disposed along the axis 18 of a borehole 7 
such that these coil face each other in an inclined 
fashion relative to each other and thus are caused to 
have directivity to permit examination of electric 
characteristics of the formation around the borehole, 
thus permitting survey of electric characteristics of 
the formation in the specific direction and the 
circumferential direction in a range of several meters 
around the borehole, which could have not been made with 
the prior art method. 

A second object of the present invention is to 
provide an arrangement comprising a transmitting coil 1 
and a receiving coil 2, which are disposed in a borehole 
7 and rotated by a drive device 14 for measuring 
electric conductivity distribution in the 
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circumferential direction of the borehole, thus 
permitting measurement of electric conductivity 
distribution of the formation in the circumferential 
direction in a range of several meters around the 
borehole, which could have not been made with the prior 
art method. It is thus possible to clarify the boundary 
surface between a reservoir and a different rock that is 
located at a distance of several meters from the 
borehole, thus permitting the drilling of a borehole 
along a thin formation. 

A third object of the present invention is to 
provide an arrangement comprising a transmitting coil 1 
and a receiving coil 2, which are disposed in a borehole 
7 and rotated by a drive device 14 for continuous 
measurement of electric conductivity along the hole axis 
18, thus permitting imaging of the electric conductivity 
of a formation 8 around the borehole. It is thus 
possible to obtain information of the developing 
direction or the like of reservoirs, which are effective 
for the survey and exploring fracture reservoirs or like 
anisotropic reservoirs. 

The invention also provides a method of induction 
logging as claimed in claim 7 and an apparatus for 
induction logging as claimed in claim 13. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and features of the 
invention will become apparent from the following 
description of preferred embodiments of the invention 
with reference to the accompanying drawings, in which : 
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Fig. 1 is a side view, partly in section, for 
explaining a method of directional induction logging as 
an embodiment of the present invention; 

Fig. 2 is a view illustrating the directivity 
synthesis with a prior art coaxial coil arrangement; 

Fig. 3 is a view illustrating the directivity 
synthesis with an inclinedly arranged coil arrangement 
according to the present invention; 

Fig. 4 is a view showing an experimental model of 
inclined boundary surface; 

Fig. 5 is a side view, partly in section, showing 
a first embodiment of the present invention; 

Fig. 6 is an enlarged-scale side view, partly in 
section, showing a portion of Fig. 5; 

Fig. 7 is a schematic representation of a second 
embodiment of the present invention; 

Fig. 8 is an enlarged-scale side view showing a 

portion of Fig. 7»* 

Fig. 9 is a schematic representation of a third 

embodiment of the present invention; 

Fig. 10 is an enlarged-scale side view showing a 

portion of Fig. 9; 

Fig. 11 is a photograph showing an XY-plane 
sensitivity distribution in case where the coil 
inclination angle 9 T is set to 0°; 

Fig. 12 is a photograph showing an XY-plane 
sensitivity distribution in case where the coil 



inclination angle 9 T is set to 30°; 

Fig. 13 is a photograph showing an XY-plane 
sensitivity distribution in case where the coil 
inclination angle 9 T is set to 60'; 

Fig. 14 is a photograph showing an XY-plane 
sensitivity distribution in case where the coil 
inclination angle e T is set to 90°; 

Fig. 15 is a view illustrating the direction in 
Figs. 11 to 14; 

Fig. 16 is a photograph showing a YZ-plane 
sensitivity distribution in case where the coil 
inclination angle 9 T is set to 0°; 

Fig. 17 is a photograph showing a YZ-plane 
sensitivity distribution in case where the coil 
inclination angle Q T is set to 30°; 

Fig. 18 is a photograph showing a YZ-plane 
sensitivity distribution in case where the coil 
inclination angle © T is set to 60°; 

Fig. 19 is a photograph showing a YZ-plane 
sensitivity distribution in case where the coil 
inclination angle 0 T is set to 90 s ; 

Fig. 20 is a view illustrating the directions in 
Figs. 16 to 19; 

Fig. 21 is a view showing theoretical values 
representing response in an inclined boundary surface 
when the boundary surface inclination angle is 45°; 

Fig. 22 is a view showing experimental values 
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representing response in the inclined boundary surface 
when the boundary surface inclination angle is 45°; 

Fig. 23 is a photograph showing an embodiment of 
imaging of theoretical response passing through the 
inclined boundary surface when the boundary surface 

angle is 30°; 

Fig. 24 is a photograph showing an embodiment of 
imaging of theoretical response passing through the 
inclined boundary surface when the boundary surface 
angle is 60°; and 

Fig. 25 is a schematic representation of a set-up 
for carrying out a prior art method of induction 
logging. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention concerns a method of and an 
apparatus for directional induction logging of 
formations around a borehole 7. More specifically, the 
present invention concerns a method of and an apparatus 
for directional induction logging with an aim of 
measuring the electric conductivity of a formation in a 
particular direction with respect to the circumference 
of a borehole. 

In the method and apparatus according to the 
present invention, at least one transmitting coil 1 and 
at least one receiving coil 2 are disposed in a borehole 
7 and along the axis 18 thereof in an inclined fashion 
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such that these coils face one another and thus are 
caused to have directivity provided for examining 
electric characteristics of a formation around the 
borehole • 

Specifically, as shown in Fig. 20, the 
transmitting and receiving coils 1 and 2 are disposed 
such the axes of these coils are inclined by an 
inclination angle G T while these coils face each other. 

With this arrangement, directivity can be 
obtained in the directions P of inclination, in which 
the coils face each other. 

Further, the transmitting and receiving coils 1 
and 2 are rotated in the borehole 7 by a drive device 14 
for measuring the electric conductivity around the 
borehole . 

Further, the electric conductivity is measured 
continuously around the hole by rotating the 

transmitting and receiving coils 1 and 2 in the borehole 
by the drive device 14. 

Fig. 1 schematically shows an induction logger 5 
as an embodiment of the present invention. According to 
the present invention, at least one transmitting coil 1 
and at least one receiving coil 2 are disposed in the 
borehole 7 and along the axis 18 thereof in an inclined 
fashion (with inclination angle G T of desirably about 
30°) such that these coils face each other. An 
alternating current is supplied to the transmitting coil 
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1 from a transmitter 3 to generate a magnetic field, 
thus generating an eddy current substantially 
proportional to the electric conductivity in the 
surrounding formation 8. The eddy current generates a 
secondary magnetic field which is measured with the 

receiving coil 2 . 

The amplitude of the voltage induced across the 
receiving coil 2 and the phase difference with respect 
to the current supplied to the transmitting coil 1 are 
measured by a phase sensitive detector 4 to be 
transmitted via a cable 6 to the ground surface for 
recording with well-known recording means. With the 
inclination of the transmitting and receiving coils 1 
and 2 in one direction, there is formed a place 9 of 
concentration of eddy current generation, and thus it is 
possible to measure the electric conductivity in a 

particular direction. 

Further, by mechanically causing rotation of the 
coil pair in this arrangement, it is possible to measure 
the electric conductivity around the borehole. 

Further, by raising and lowering the pair of 
transmitting and receiving coils 1 and 2 in this 
arrangement along the hole axis while mechanically 
rotating the coil pair, it is possible to obtain imaging 
reflecting the electric conductivity of formations at 
depths along the borehole. 

Now, directivity characteristic and optimum 



- 12 - 



inclination angle by computer simulation will be 
described. 

The eddy current generated by the transmitting 
coil 1 flows coaxially in a plane parallel to the 
transmitting coil 1. Its intensity distribution is 
outline in Figs* 2 and 3. The sensitivity distribution 
with respect to the eddy current generated by the 
receiving coil 2 is r from the reversible theorem of the 
electromagnetic field, equal to the eddy current 
distribution formed by the transmitting coil 1. Thus, 
the sensitivity of the induction type logger is the 
integral of the overlapped area of the sensitivity 
distributions formed by the transmitting and receiving 
coils 1 and 2 as shown in Figs. 2 and 3. With the 
coaxial arrangement in the prior art (Fig. 2), its 
distribution is symmetrical with respect to the hole 
axis 18. 

In contrast, with the inclined arrangement 
according to the present invention (Fig. 3), the 
sensitivity area is limited to be in one direction with 
respect to the circumference of the hole axis. Thus, it 
is possible to realize the directivity. Figs. 11 to 20 
show results of theoretical calculation of the variation 
of sensitivity distribution in the planes normal to and 
including the hole axis 18 for various inclination 
angles G T of the transmitting and receiving coils 1 and 
2. From Figs. 11 to 20, it is found that an 
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appropriate inclination angle 0 T of the transmitting and 
receiving coils 1 and 2 is in the neighborhood of 30°. 

Now, the verification of the directivity 
characteristics by model experiments will be described. 

To verify the directivity characteristics in the 
case of the present invention, the response in the case 
of the present invention was obtained in computer 
simulation and indoor experiments by using an experiment 
model simulating a boundary surface between formations 
of different electric conductivities as shown in Fig. 4 
(the upper formation being of a medium with a high 
electric conductivity, the lower formation being of that 
with a low electric conductivity). Figs. 21 and 22 show 
shade representation and contour representation of the 
response intensity with respect to the hole axis 
position and the bearing with the Y axis of the 
direction P, in which the transmitting and receiving 
coils 1 and 2 inclined such as to face each other are 
directed, as reference. Fig. 21 shows theoretical 
values obtained by computer simulation, and Fig. 22 
shows experimental values. 

The theoretical and experimental values well 
coincided, and the response obtained was proportional to 
the electric conductivity in the direction P, in which 
the transmitting and receiving coils 1 and 2 inclined 
such as to face each other are directed. It was thus 
confirmed that according to the present invention, it is 
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possible to know the circumferential electric 
conductivity distribution. 

Now, imaging will be described. 
Imaging of the electric conductivity 
configuration inside the hole surface can be obtained by 
raising and lowering the coil unit, which has the 
inclined transmitting and receiving coils 1 and 2 such 
as to face each other, while rotating the unit. Figs. 
23 and 24 show embodiments of imaging of the inclined 
boundary surface model as shown in Fig. 4 in cases where 
the inclination angle is 30° and 60°, which obtained 
with the apparatus according to the present invention. 

These embodiments of imaging are shading 
representations of the measured apparent electric 
conductivity with respect to the hole axis position and 
the bearing of the direction, in which the transmitting 
and receiving coils 1 and 2 inclined such as to face 
each other are directed. The images represent the 
electric conductivity distributions inside the hole 
surface obtained by developing longitudinal divisions of 
the borehole. In the images, the boundary surface is a 
curve resembling a sinusoidal curve, and it will be seen 
that the greater the inclination angle of the boundary 
surface is, the greater the amplitude of the curved is. 

As similar imaging systems or tools, there are a 
borehole acoustic imaging tool (for instance BHTV), 
which permits imaging of the intensity of reflected 
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supersonic waves from the borehole surface, and a 
borehole resistivity imaging tool (for instance FMI ) # 
which permits imaging of the resistivity distribution in 
the borehole surface. These tools or systems, however, 
permit imaging of only the borehole surface. In 
contrast, according to the present invention, it is 
possible to permit imaging of the inside of the borehole 
surface. Thus, according to the present invention, not 
only effective measurement can be obtained, but also it 
is possible to know the internal formation structure 
which does not appear on the borehole surface even in 
such environments as where the BHTV or FMI noted above 
can not be used due to muddy borehole wall or muddy 
water intrusion areas. 

Figs. 5 and 6 show a first embodiment of the 
present invention. This embodiment concerns a method 
and an apparatus for imaging the electric conductivity 
(i.e., electric characteristics) of formations at depths 
of a borehole. 

In this embodiment, in a borehole 7, at least one 
transmitting coil 1 and at least one receiving coil 2 
are secured to a shaft 10 extending along the hole axis 
18 such that these coils are inclined (with an 
inclination angle 0 T most desirably about 30°) so as to 
face each other. A bearing gauge 12 is secured to the 
shaft 10. 

Leads from the transmitting and receiving coils 1 
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and 2 and the bearing gauge 12 are connected through a 
slip ring 11 to the transmitter 3, the phase sensitive 
detector 4 and a bearing signal generator 17, 
respectively. 

The transmitter 3, the phase sensitive detector 4 
and the bearing signal generator 17 may be secured to a 
shaft, and output and power source lines may be led 
through the slip ring 11 to the ground surface. 

In this embodiment, the signal and power source 
lines are connected through a slip ring 30 in a winch 34 
to a power source 20 and a recorder 23. A depth signal, 
which is produced by a pulley 21 for supporting a cable 
6 and provided with a rotary encoder and a depth signal 
generator 22, is also input to the recorder 23. 

The shaft 10 is connected by a connector 13 to a 
drive device 14 comprising a motor. The drive device 14 
rotates the shaft 10 at a constant speed. 

An alternating current is supplied from the 
transmitter 3 to the transmitting coil 1, and the 
amplitude and phase of a voltage induced across the 
receiving coil 2 are detected by the phase sensitive 
detector 4 and transmitted via the cable 6 to the ground 
surface. The bearing signal generator 17 produces a 
signal corresponding to the bearing from the signal from 
the bearing gauge 12 and transmits the produced signal 
via the cable 6 to the ground surface. 

The apparatus is moved continuously along the 
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hole axis 18 by moving the cable 6 while mechanically 
rotating the shaft 10, so that the amplitude and phase 
of the voltage across the receiving coil 2 in the 
bearing P, in which the inclined transmitting and 
receiving coils 1 and 2 facing each other are directed, 
are recorded along with the depth information in the 
recorder 23 for imaging. In the imaging method, the 
electric conductivity is calculated by a well-known 
method from the amplitude and phase of the voltage 
across the receiving coil 2, for instance, and is 
displayed as a shading display on a two-dimensional 
image plane by taking one of the perpendicular axes for 
the depth and the other axis for the bearing P, in which 
the inclined coils facing each other are directed. In 
this way, an image reflecting the electric 
conductivity of formations at depths deeper than the 
borehole can be obtained. 

The drive device 14 is secured to a support 
member 15 provided in an intermediate portion of the 
logger 5. The upper end of the shaft 10 is connected to 
the output shaft of the drive device 14 and the lower 
end thereof is secured to another support member 15 
provided in a lower portion of the logger 5. 

Figs. 7 and 8 show a second embodiment of the 
present invention This embodiment is applied to a 
survey apparatus for drilling a horizontal borehole 7 or 
the like in a desired formation while monitoring the 
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upper and lower formations 24 and 26 thereof. 

In this embodiment, at least one transmitting 
coil 1 and at least one receiving coil 2 are secured to 
a shaft 10 extending along the hole axis 18 of the 
borehole 7 such that these coils are inclined (at an 
inclination angle e T of desirably about 30°) so as to 
face each other. Further, another transmitting coil 1' 
and another receiving coil 2' similar to and in 
180-degree symmetry with respect to the transmitting and 
receiving coils 1 and 2, are also secured to the shaft 
10. A weight 27 is secured to the shaft 10 such that 
either pair of the transmitting and receiving coils are 
directed to the weight. The weight is rotatably 
supported by bearings 16 for supporting the shaft such 
that one of the pairs of the transmitting and receiving 
coils is directed in the gravitational direction at all 
time. 

The leads from the transmitting coils 1 and 1' 
and the receiving coils 2 and 2' are connected through a 
slip ring 11 and switches 28 to the transmitter 3 and 
the phase sensitive detector 4. 

The transmitter 3, the phase sensitive detector 4 
and the switches 28 may be secured to the shaft 10 and 
the output and power supply lines may be connected 
through the slip ring 11 to the ground surface. 

An alternating current is supplied from the 
transmitter 3 through the switches 28 to the 
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transmitting coils 1 and 1', and the amplitude and phase 
of the voltage induced across the receiving coils 2 and 
2' are detected by the phase sensitive detector 4 
through the switch 28 thereof and transmitted via the 
cable 6 to the ground surface for separation through a 
switch 29 synchronized to the switches 28 and recording 
on the recorder 23. 

This apparatus permits measurement of the 
electric conductivity on the gravity side of the 
borehole and the opposite side thereof. When this 
apparatus is applied to examination of a horizontal 
borehole, if there is a difference in the electric 
conductivity between the upper and lower formation 24 
and 26 of the intended, formation 25, it is possible to 
know whether the borehole is getting out of the intended 
formation or whether the borehole is close to the upper 
or lower formation. 

Further, when the apparatus is applied to a 
sensor for MWD (Measurement While Drilling), it 
constitutes a navigation tool for drilling a borehole 
without getting out of the intended formation. Part of 
the apparatus that is on the ground surface is the same 
as in the first embodiment. 

Figs. 9 and 10 show a third embodiment of the 
present invention. This embodiment concerns a method of 
and an apparatus for measuring the electric conductivity 
in a specific direction. 
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In this embodiment, at least one transmitting 
coil 1 and at least one receiving coil 2 are secured to 
the shaft 10 extending along the hole axis of a borehole 
7 such that these coils are inclined (at an inclination 
angle 9 T of desirably about 30°) so as to face each 
other. An alternating current is supplied from the 
transmitter 3 to the transmitting coil 1, and the 
amplitude and phase of the voltage induced across the 
receiving coil 2 are detected by the phase sensitive 
detector 4 for recording on a recorder. By rotating the 
shaft 10, it is possible to measure the electric 
conductivity in a specific direction with respect to the 
borehole 7. 
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What is claimed is: 

1. A method of directional induction logging, 
comprising the steps of: 

disposing at least one transmitting coil 1 and at 
least one receiving coil 2 in a borehole 7 along the 
axis 18 of the borehole 7 such that said coil inclinedly 
face each other; and 

causing said coils to have directivity for 
examining electric characteristics of a formation around 
said borehole. 

2. An apparatus for directional induction logging, 
comprising at least one transmitting coil 1 and at least 
one receiving coil 2, which are disposed in a borehole 7 
along the axis 18 of the borehole 7 such that said coils 
inclinedly face each other and caused to have 
directivity for examining electric characteristics of a 
formation around said borehole. 

3. A method of directional induction logging 
according to claim 1, wherein said transmitting and 
receiving coils 1 and 2 are rotated in said borehole 7 
with a drive device 14 for measuring the electric 
conductivity distribution of a formation around said 
borehole. 

4. An apparatus for directional induction logging 
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according to claim 2, wherein said transmitting and 
receiving coils 1 and 2 are rotated in said borehole 7 
with a drive device 14 for measuring the electric 
conductivity distribution of a formation around said 
borehole. 

5. A method of directional induction logging 
according to claim 1 or 3. wherein said transmitting and 
receiving coils 1 and 2 are rotated by the drive device 
14 in the borehole 7 to measure the electric 
conductivity continuously along the hole axis 18, thus 
obtaining imaging reflecting the electric conductivity 
of formations 8 around said borehole. 

6. An apparatus for directional induction logging 

according to claim 2 or 4. where said transmitting and 
receiving coils 1 and 2 are rotated by the drive device 
14 in the borehole to measure the electric conductivity 
continuously among the hole axis 18, thus obtaining 
imaging reflecting the electric conductivity of 
formations 8 around said borehole. 
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7. A method of induction logging comprising the steps of: 
disposing a first transmitting coil and a first receiving 
coil in a borehole, the first transmitting coil and the 
first receiving coil being spaced apart along a 
longitudinal axis of the borehole, at least one of the 
first transmitting coil and the first receiving coil 
having its normal axis inclined with respect to the 
longitudinal axis of the borehole; and moving the first 
transmitting coil and the first receiving coil along the 
longitudinal axis of the borehole. 

8. A method of induction logging as claimed in claim 7 
and further comprising the step of rotating the the first 
transmitting coil and the first receiving coil about the 
longitudinal axis of the borehole. 

9. A method of induction logging as claimed in claim 7 
and further comprising the step of disposing a second 
transmitting coil and a second receiving coil in the 
borehole, the second transmitting coil and the second 
receiving coil being spaced apart along the longitudinal 
axis of the borehole, at least one of the second 
transmitting coil and the second receiving coil having its 
normal axis inclined with respect to the longitudinal axis 
of the borehole. 

10. A method of induction logging substantially as 
described herein with reference to Figure 1. 

11. A method of induction logging substantially as 
described herein with reference to Figure 5. 

12. A method of induction logging substantially as 
described herein with reference to Figure 7. 
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13. An apparatus for induction losing comprising a first 
transmitter coil ana a first receiver coil spaced apart 
along a longitude axis of the apparatus, at least one 
of the farst transmitter coil and the first receiver coil 
having its normal axis inclined with respect to the 
longitudinal axis of the apparatus; 

the apparatus being adapted to be dispose* in a 
borehole such that the longitudinal axis o, the apparatus 
is coincident or substantially coincident with the 
longitudinal axis of the borehole and to be moved along 
the longitudinal axis of the borehole. 

14. An apparatus as claimed in claim 13 wherein the first 
transmitter coil and the first receiver coil each has its 

7Z 2° \ ^ " SPeCt t0 the ^^itudinal axis 
of the apparatus, the first transmitter coil and the first 
receiver coil being inclined towards each other. 

firsrtT'T 8 M ° lalmea iD ° laim 13 « 14 «« 

roTt T"T ° 0il ^ ^ fir " reoei *« are 
rotatable about the longitudinal axis of the apparatus. 

16. An apparatus as claimed in claim t3 and further 
comprising a second transmitting coil and a second 
rec.i ving 0 oil spaced apart along the longitudinal axis of 

coil m ' " ° f <* SeCOnd transmitting 

in lined th : h " COnd coil having its normal Lis 

inclined with respect to the longitudinal axis of the 
apparatus. 

de'sc^Tr*" 6 inaU ° ti0n l099ln * ^tantially as 
described herein with reference to Figure 1. 

A " a f" atU " for i^Uon logging substantially as 
described herein with reference to Figures 5 and 6. 

19. An apparatus for induction logging substantially as 
described herein with reference to Figures 7 and 8. 
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